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» Traumatic brain injury (TBI) is an widespread problem. P 2\f¢7)1\\“ 2% o rc . Do blast induced skull flexures result in axonal deformation?
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» Studies have shown that 1.6 to 3.8 million individuals
in the United States experience a sports-related
concussion annually, with a growing number of these
concussions experienced by youth-sports participants.

* Almost 2% of the United States’ population is currently
living with TBI-related disabilities. .

* Medical imaging needs to be leveraged better to A

represent the mesoscopic level of brain. Lol
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Fixed boundary conditions were used to restrict
rotational motion and determine the axonal
deformation exclusively due to skull lexures.
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* The method was used to
investigate the blast- |
induced skull flexure and
its effect on axonal
deformation. 1% 6 o o
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+ In addition, the directional effects of loading on the
axonal response due to skull flexures were also
investigated.

» Simulations suggest that skull flexures result in
axonal deformation — causing low strain and
potentially high strain rates.
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» We aim to leverage cloud resources to create
personalized simulations that continuously monitors,
analyzes and predicts the brain’s response, referred to
as the “Digital Brain”.
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(b) High
Performance
Computing for high-
fidelity prediction of
brain response

+ Digital Brain can be thought of as a digital copy of your
brain that resides in the cloud which obtains data from
wearable sensors, such as impact sensors or
electroencephalogram (EEG), and uses physics-based
methods to compute the brain’s response.
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INTRODUCTION/OBJECTIVES

Preliminary observations show
that elevated/reduced FA
regions matched well with
fibers experiencing
tensile/compressive strains.

Multiscale
It is important to note that, currently, modeling is the only means to .
understand how external impact forces are translated into the M Odel In 9 Of the
brain — there is no other way to do this. B .
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» The brain consists of a complex network of axonal fibers that can be observed In collaboration with Kacy Cullen at UPenn, we « 1 i
through the use of magnetic resonance diffusion tensor imaging (MR-DTI). are developing computational methods to K
» These fibers can be considered the mesoscopic level of the brain, smaller than the Jesse Gerber, Teja Garimella, optimize and design micro-tissue engineered
organ and larger than the individual cells. Reuben Kraft neural networks (micro-TENNSs)
* The embedded element method, a mesh superposition technique, is a method
that allows for an explicit inclusion of the axonal fiber network into finite element Micro-TENNSs can be thought of as axonal
models. This technique facilitates the inclusion of multiple fibers per finite element. tracts that may restore function
+ Explicit meshing enables us to track each individual axonal fiber tract. Objectives

* Localized axonal deformations can be studied. ¢) - Quantify the structural and electric
7)) + Fast method to include complex fiber networks 5 properties of micro-TENNs
a + Offers no limitations when locations and orientations are arbitrary. < - Process the input and output of living
% * Multiple fibers can be included in a single “matrix” element. _ ) O  electrodes precisely in real time
- * Because axonal fibers are meshed, the method can handle multiple physics, (7)) Approach
W e.g. electromagnetics, diffusional processes, etc. 0]
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